Duodenal flow of microbial N (MN) was estimated from urinary purine derivatives to examine age-related changes in MN in male Holstein calves. In Exp. 1, endogenous purine derivatives were determined by measurement of purine derivatives in five calves fed nucleic acid-free milk replacer alone. In Exp. 2, the ratio of urinary excretion as purine derivatives to purines administered via the reticular groove was determined in three calves weaned at 5 wk of age. As a result, endogenous purine derivatives were constant at 705 mmol/(kg BW .75 ·d), irrespective of the amount of milk replacer, and the ratios of purine derivatives to duodenal purines were estimated to be .549, .276, .363, and .466 at wk 1, 6, 11, and 20 after weaning, respectively. Using these variables and urinary purine derivatives, the duodenal flow of MN was estimated and its relation with N balance was examined in 15 calves weaned at 5 wk of age in Exp. 3. Digestible OM was lower at wk 1 after weaning and transiently higher at wk 6. The percentage of N absorbed to N intake, N absorbed, N retained, and estimated duodenal MN were also lower at wk 1, and rapidly increased for the first 6 wk. These findings suggest that the increases in N absorbed and N retained for the first 6 wk after weaning were due to augmentation of duodenal flow of MN and dietary N that escaped ruminal degradation.
Introduction
Urinary excretion of the purine derivatives ( PD) , xanthine, hypoxanthine, uric acid, and allantoin, is known to reflect duodenal flow of microbial N ( MN) synthesized in the rumen (Topps and Elliott, 1965; Antoniewicz et al., 1980; Fujihara et al., 1987; Verbic et al., 1990 ) and has been suggested as a practical and quantitative indicator of duodenal flow of MN (Broderick and Merchen, 1992) . The MN flow in cattle can be estimated from urinary PD excretion by use of three variables: endogenous urinary excretion of PD, ratio of urinary excretion as PD to duodenal flow of purines, and the purine-base content of microbes. Although these variables have been evaluated from extensive studies using cattle nourished intragastrically (Fujihara et al., 1987; Chen et al., 1990b; Verbic et al., 1990) , our previous studies suggested that the MN calculated from urinary excretion of PD was overestimated in calves, especially immediately after early weaning Funaba et al., 1995) .
The objective of this study was to estimate agerelated changes in duodenal flow of MN in calves after weaning by determining endogenous excretion of PD and the ratio of excretion into urine as PD to duodenal flow of purine bases.
Materials and Methods

Animals and Feeds
Male Holstein calves ( n = 23) were used in three experiments. They were purchased from a calf market in Chiba Prefecture, Japan, at 1 wk of age. All feeds used in this study except for milk replacer in Exp. 1 and rice straw were made by and purchased from National Federation of Agricultural Cooperative Association (Tokyo, Japan).
For 3 d after introduction, all calves underwent baseline checks (i.e., general health condition, hematocrit, total serum protein, serum g-globulin, and fecal salmonella and coccidia). During the check period, calves received 500 g/d of nucleic acid-free milk replacer in Exp. 1 or commercial milk replacer in Exp. 2 and 3 without solid feeds. Immediately after introduction, 54 mg of retinol, 2.25 mg of cholecalciferol, and 120 mg of dl-a-tocopheryl acetate were dosed with liquid milk replacer, and 200 mg of oxytetracycline (Nippon Zenyaku, Tokyo, Japan) were injected i.m. Only healthy calves were chosen for the experiments. The nutrient compositions of feeds used in this study are presented in Table 1 . Milk replacer used in Exp. 1 contained 67.0% skim milk powder, 4.0% dried whey, 8.0% lactose, .20% glucose, 18.4% tallow, .80% vitamins and mineral mixture, and 1.6% emulsifier (Riken Vitamin Co., Tokyo, Japan). Commercial milk replacer used in Exp. 2 and 3 contained approximately 74% milk byproducts (i.e., skim milk powder, dried whey, and casein) and 26% animal fat, glucose, yeast, NaCl, and CaCO 3 . Commercial calf starter contained approximately 58% grains (i.e., corn, milo, and dextrin), 27% oil meal (soybean meal), 7% bran and by-product feed (i.e., wheat bran and corn gluten feed), 1% fish meal, and 7% glucose, animal fat, CaCO 3 , and NaCl. Commercial concentrate used in Exp. 2 and 3 contained approximately 58% grains (i.e., corn, milo, and wheat), 26% bran and by-product feed (i.e., corn gluten feed and rice bran), 7% oil meals (i.e., rapeseed meal and safflower meal), and 9% molasses, CaCO 3 , and NaCl. Vitamins A and D were supplemented to all commercial feeds.
Experiments
Experiment 1. Five calves were given only nucleic acid-free milk replacer for 28 d without giving any solid feed to determine endogenous excretion of urinary PD, because milk replacer directly flows into the abomasum through the reticular groove. To examine nutrient restriction and the subsequent repletion on urinary PD, they were given 500 g/d of the milk replacer for the first 18 d, 250 g/d for the next 5 d, and 750 g/d for the final 5 d. These feeding regimens were inadequate to exclude the effect of age on endogenous PD. However, the feeding period was short so that aging effect was thought to be minor. The milk replacer was suspended in 3.6 L of warm water irrespective of the daily quantities and nipple-fed daily at 0830, 1230, and 1630. For the last 15 d of the suckling period, urine was individually collected daily into bottles containing 100 mL of 20% (vol/vol) H 2 SO 4.
Experiment 2. To examine changes in the ratio of urinary excretion as PD to administered purine bases with age, three calves weaned at 5 wk of age were used. To administer purine bases into the abomasum, the conditioned reflex of reticular groove closure was maintained by giving warm water under a constant auditory environment in addition to routine noises in succession to the suckling period of milk replacer (Ørskov et al., 1970; Abe et al., 1979) . During the suckling period, the calves were given free access to commercial calf starter and rice straw. In the early weaning of calves at 4 or 5 wk of age, feeding forages has been discouraged in the Unites States to increase the consumption of metabolizable energy (Warner and Flatt, 1965) but is encouraged in Japan to develop ruminal volume and prevent parakeratosis (Tamate et al., 1962) . In fact, feeding rice straw as an inert bulk material stimulates the intake of concentrate over the feeding of concentrate alone not only just after weaning (Abe and Iriki, 1991) but also before weaning at 5 wk of age (our unpublished observation), probably due to rapidly developed ruminal capacity. After weaning, commercial concentrate and rice straw were available on an ad libitum basis, except for the periods of four trials in which purine nucleosides were administered at the 1st, 6th, 11th, and 20th wk after weaning. Each trial consisted of a baseline period for 5 d, a subsequent period of purine administration for 3 d, and a post-administration period for 3 d. During the baseline period, the calves were given free access to the solid feeds. However, to minimize the fluctuation of microbial protein production, the amount of daily intakes of the solid feeds for Figure 1 . Changes in urinary excretion of uric acid (⁄), allantoin (π), and purine derivatives (PD ÿ) in calves fed various amounts of nucleic acid-free milk replacer alone (Exp. 1). the next 6 d (i.e., periods of purine administration and post-administration) was restricted to average intakes of concentrate and rice straw in each calf during the baseline period. A quarter of the daily amount of feed was given at 0830, 1230, 1630, and 2030 during the period. Purine nucleosides (adenosine, 11.6 mmol; guanosine, 13.4 mmol; Nakarai, Kyoto, Japan) in 1.5 L of warm water were administered into the abomasum just before every feeding during the administration period, and only warm water was given during the post-administration period. Urine was collected daily from the 4th d of the baseline period to the end of each trial.
The ratio of urinary excretion as PD to administered purine bases was obtained by the following calculation: ratio = ( 4 ×PD 1 − 4×PD 2 )/300, where PD 1 is the average excretion of urinary PD for the administration period ( 3 d ) and the 1st d of the postadministration period, PD 2 is the mean PD excreted in 4 d of the last 2 d in the pre-and post-administration periods, and 300 represents purine nucleosides administered into the abomasum during the administration period (100 mmol/d for 3 d). Chen et al. (1990a Chen et al. ( , 1991 observed a rapid response of urinary PD to nucleic acids infused into the abomasum of sheep within 24 h. Thus, it was considered that urinary PD at the 1st d after the final administration had only a little carry-over effect of purine basis previously administered into the abomasum.
Experiment 3.
To estimate duodenal flow of MN and to evaluate its relation with N nutrition, changes in urinary excretion of PD and N balance with age were examined using 15 calves. Similar to Exp. 2, calves were weaned at 5 wk of age, and after weaning commercial concentrate and rice straw were available on an ad libitum basis. Feces and urine were separately collected for 5 to 7 d on the 1st, 6th, 11th, and 19th wk after weaning.
Duodenal flow of MN was estimated from urinary excretion of PD using the results of Exp. 1 and 2 as factors: MN = [daily urinary PD − daily endogenous PD × .554]/R, where .554 is the ratio of N content in grams to purine bases as millimoles in ruminal microbes (Verbic et al., 1990) and R is the ratio of urinary excretion as PD to duodenal flow of purine bases that was estimated in Exp. 2. The ratio of N content to purine bases is based on that of bacteria and is generally different between protozoa and bacteria. However, protozoa were absent or fewer in the rumen of calves aged up to 6 mo (our unpublished observation). Therefore, the ratio would be valid for estimation of duodenal flow of MN.
Analyses
The BW was measured on the 1st d of the urine sampling period and on the last day of each dietary treatment (i.e., the amount of milk replacer) in Exp. 1. In Exp. 2 and 3, BW was measured at the start of the experiment and at the end of each sampling period. Urinary allantoin was determined by the method of Young and Conway (1942) . After incubation of 1 mL of urine with 5.3 U of xanthine oxidase at 37°C for 1 h for the conversion of hypoxanthine and xanthine to uric acid, total uric acid was determined using a commercial kit (Uric Acid C-Test, Wako, Tokyo, Japan). Because hypoxanthine and xanthine are not usually detected in urine of cattle (Chen et al., 1990c) , the uric acid that was originally contained in urine would constitute the majority of the total uric acid determined after the xanthine oxidase. the sum of total uric acid and allantoin was the value used for PD.
The Kjeldahl N and OM contents of feeds and dried feces used for digestible OM ( DOM) were determined with standard procedures.
Data were analyzed by ANOVA using the GLM procedures of SAS (1988) . In Exp. 1, the full model included amount of milk replacer, day within amount of milk replacer, and calf. In Exp. 2, the differences among days within the 1st, 6th, 11th, and 20th wk after weaning were first examined by Duncan's Table 2 . Changes in body weight, daily intakes of feed, digestible organic matter (DOM), dry matter digestibility, and urinary excretion of purine derivatives (PD) during the baseline period for each trial of purine nucleosides administered into the abomasum in calves weaned at 5 weeks of age (Exp. 2) multiple range test (alpha = .05). In addition, data for Exp. 2 were analyzed by ANOVA of repeated measures. The full model included time of trial (weeks after weaning) and calf. Orthogonal polynomial contrasts were used to detect linear, quadratic, and cubic effects of time of trial on BW, daily feed intake, DM digestibility, urinary excretion of PD, and the estimated ratio of urinary excretion as PD to duodenal purines using the REPEATED option. Because the trials were conducted at 1, 6, 11, and 20 wk after weaning, polynomial contrasts were adjusted for unequally spaced time effects (i.e., 1, 6, 11, and 20) . Data for Exp. 3 were also analyzed by ANOVA of repeated measures. The full model included time of determination of PD excretion and N balance (weeks after weaning) and calf. Although similar to Exp. 2, orthogonal polynomial contrasts were conducted with the time effects changed to 1, 6, 11, and 19 in the REPEATED option. Furthermore, linear and quadratic relationships between estimated MN and DOM were estimated using the MODEL statement. Experiment 2. A significant part of the purine bases flowing to the small intestine is finally excreted into urine as PD after absorption and catabolism in the small intestinal mucosa and liver. Age-related changes in the ratio of the increase in urinary PD excretion to purine nucleosides administered abomasally were examined in Exp. 2. The BW, daily feed intake, DM digestibility, and urinary excretion of PD during the baseline period of each trial are presented in Table 2 . Because of quite limited sample size, orthogonal contrasts on most variables did not show a significant effect. However, age-related changes after weaning at 5 wk of age were similar to those in Exp. 3.
Results
Experiment 1.
Changes in urinary excretion of PD in each trial are shown in Figure 2 . Daily excretion of urinary PD during the baseline period increased with the advance of age, which is also shown in Table 2 . In all trials, urinary excretion of PD was rapidly increased by the administration of purine nucleosides into the abomasum within 1 d, and the increased urinary PD continued during the administration period, although the increase was not significant on the 1st and 3rd d of Figure 2 . Changes in urinary excretion of purine derivatives (PD) in response to purine nucleosides administered abomasally at wk 1, 6, 11, and 20 of weaning in calves (Exp. 2). Data are mean ± SE. The error bars for some of the means are smaller than the symbols because of very small variation. ÿ: Urinary PD during pre-or post-administration period of purine nucleosides. ⁄: Urinary PD during period of purine administration. a,b,c Means that do not have a common letter in their superscript significantly differ in each trial (P < .05). The ratios of urinary excretion as PD to estimated duodenal flow of purines were estimated to be .549, .276, .363, and .466 (SEM .044) on wk 1, 6, 11, and 20 of weaning, respectively. Orthogonal polynomial contrasts revealed quadratic changes with age in the ration (P = .04). .08 NS wk 6 after weaning. Urinary excretion of PD was not statistically different among days on wk 20, due to the large variation between calves. Expectedly, urinary PD on the 2nd and 3rd d of post-administration was not different from that in the baseline period. The ratio of urinary excretion as PD to purines administered into the abomasum dynamically changed with age and was lowest at wk 6 and higher at wk 1 and 20 after weaning, as indicated by a quadratic contrast. In fact, the ratio at wk 6 was approximately half of that at wk 1.
Experiment 3.Changes in the relationship between
N utilization and estimated duodenal flow of MN with age were examined in Exp. 3. Table 3 shows agerelated changes in BW, daily feed intake, and DM digestibility in calves weaned at 5 wk of age. Weaning at 5 wk of age resulted in a lower DOM intake at wk 1 of weaning. The DOM intake increased from wk 1 to 6 and reached the highest value at wk 6, as indicated by quadratic and cubic contrasts. The DM digestibility was lower at wk 1 and increased linearly with age, although a quadratic contrast revealed a tendency to considerably increase for the first 6 wk after weaning. Changes in N balance, urinary excretion of PD, and estimated duodenal flow of MN estimated from urinary PD are shown in Table 4 . Similar to concentrate intake, N intake was lower at wk 1 and higher at wk 6 of weaning, as indicated by quadratic and cubic contrasts. In addition, the percentage of N absorbed to N intake linearly increased with age, although it increased after wk 6 at a decreasing rate, as revealed by a quadratic contrast. As a result, N absorbed was 1.35 times higher at wk 6 than at 1 of weaning. Because the ratio of N retained to N absorbed Table 4 . Changes in nitrogen balance, urinary excretion of purine derivatives (PD), and intestinal flow of microbial nitrogen (MN) estimated from urinary PD with age in calves weaned at 5 weeks of age (Exp. 3) a NS: P > .10. b Linear (L), quadratic (Q), and cubic ( C ) effects.
Weeks after weaning
Orthogonal contrasts ab decreased with advancing age, with the highest value at wk 6 of weaning as revealed by linear and cubic contrasts, the N retained transiently exhibited a higher value at wk 6 of weaning. Daily excretion of urinary PD, which was largely excreted as allantoin, linearly increased with age. However, urinary allantoin and PD as BW basis exhibited a linear decrease with advancing age. Endogenous PD has been reported to be relatively constant and independent of age for cattle (Chen et al., 1990b) . Provided that the results of Exp. 1 could be applied to male Holstein calves weaned at 5 wk of age, urinary excretion of endogenous PD is obtained as .705 mmol/(kg BW ·75 ·d) × kg BW ·75 . In Exp. 2, the estimated ratio ( R ) of urinary excretion as PD to duodenal flow of purine bases were .549, .276, .363, and .466 in wk 1, 6, 11, and 19, respectively. The MN estimated using these figures linearly increased with age, although a cubic contrast revealed the increases at an increasing rate from wk 1 to 6 and at a decreasing rate from wk 6 to 11. When the MN is expressed per unit of BW, quadratic and cubic contrasts revealed the rapid increase from wk 1 to 6, and reached the highest at wk 6 of weaning. 
Discussion
Estimation of Duodenal Flow of Microbial Nitrogen from Urinary Purine Derivatives.
In the present study, endogenous PD and ratios of urinary excretion as PD to purines administered into the abomasum were determined to estimate duodenal flow of MN from urinary PD. Because endogenous PD of calves under practical feeding conditions cannot be determined, endogenous PD of calves fed milk replacer alone was applied to that of weaned calves. Considering that endogenous PD was relatively constant irrespective of age and physiological status of cattle (Chen et al., 1990b) , this application should be valid. In addition, complete degradation of feed purines in the rumen was assumed for our calculation. When protein sources rich in the fraction poorly degraded in the rumen but efficiently digested in the small intestine (e.g., fish meal) are used, this assumption would not be valid. However, the concentrate used in the present study mainly consisted of oil meals as protein sources. Furthermore, a recent continuous culture study showed that escape of feed purines averaged 1.7% of total purine flow (Calsamiglia et al., 1996) . Consistent with previous reports (Fujihara et al., 1987; Chen et al., 1990b; Verbic et al., 1990) , endogenous PD in cattle is almost completely composed of allantoin (90.4 [SE .2]%). However, the endogenous excretion of PD in preweaning Holstein calves was 705 mmol/(kg BW ·75 ·d) and was higher not only than the average value of 10 steers nourished intragastrically (486 mmol/[kg BW ·75 ·d]; Fujihara et al., 1987; Chen et al., 1990b; Verbic et al., 1990) but also than that of three Friesian × Hereford calved fed milk replacer (513 mmol/[kgBW ·75 ·d]: Chen et al., 1990b) . The reason(s) for the differences is not known, but the flow of a part of the milk replacer to the rumen and the subsequent MN production would not be responsible for the higher excretion of PD in the present study, because the amount of milk replacer hardly affected daily excretion of urinary PD and allantoin. In addition, the low growth rate of calves in Exp. 1 is not likely to cause the higher endogenous PD compared to that of other workers, because Fujihara et al. (1987) reported that urinary excretion of allantoin was not affected by the amount of casein infused into the abomasum of cattle.
Our results suggest that the amount of milk replacer does not affect endogenous excretion of PD in calves, which is consistent with the results of Fujihara et al. (1987) described above, although the interaction of age and the amount of milk replacer cannot be strictly denied. On the contrary, Chen et al. (1992) observed a positive relationship between endogenous allantoin and N retention in sheep in response to increasing protein supply, although the variation was small and could be ignored for practical purposes. The inconsistency may reflect species differences in purine metabolism between cattle and sheep. The activity of xanthine oxidase, an enzyme that produces uric acid from hypoxanthine and xanthine, in blood and other tissue was low in sheep, in contrast to the significant activity in cattle (Al-Khalidi and Chaglassian, 1965; Chen et al., 1990b) . The simultaneous increases in N retention and endogenous allantoin observed by Chen et al. (1992) may be due to induction of xanthine oxidase by the improvement of protein nutrition (Naito and Noguchi, 1981) .
In Exp. 2, the ratios of urinary excretion as PD to purine nucleosides administered abomasally were lower throughout the study than the ratio (.77) reported by Verbic et al. (1990) , who infused microbial purines in steers nourished by intragastric nutrition. The relatively high ratio obtained in their study probably relates to the lower degradation rates of PD in steers nourished intragastrically. Exogenous purines derived from nucleic acids are absorbed from the small intestine as purine nucleosides and free bases (Wilson and Wilson, 1962; McAllan, 1980) and rapidly converted to PD in the small intestinal mucosa and the liver. Major elimination routes of PD in the systemic circulation are excretion into urine and degradation in the rumen after secretion via saliva. Because the steers nourished intragastrically were never given any solid feed, it is easily expectable that the ruminal secretion via saliva for elimination of blood PD is lower than in normal animals, resulting in the higher ratio of urinary PD to duodenal purines.
Our results also revealed that the ratio of urinary excretion as PD to estimated duodenal flow of purines was not a fixed value but varied with age after weaning. The ratio rapidly decreased from wk 1 to 6 after weaning, and then gradually increased up to wk 19, suggesting a relation with the development of the salivary gland and the utilization of N absorbed. The higher ratio immediately after weaning may be due to limited salivary secretion. Solid feed intake is one of the essential determinants for development of the salivary gland (Kay, 1960) . Our previous studies showed that plasma concentrations and urinary excretion of allantoin were especially higher immediately after weaning compared with the ruminal MN production expected from DOM intake and N balance, and suggested these results would be due to the higher ratio of urinary PD to duodenal purines derived from the lower secretion of saliva Funaba et al., 1995) . The remarkably lower ratio of urinary excretion as PD to estimated duodenal purines at wk 6 of weaning is likely to reflect the activation of a salvage pathway of purines, relating to relatively higher utilization of N absorbed. Incorporation of dietary nucleotides into tissues pools, primarily within the small intestine, liver, and skeletal muscle, has been suggested to increase during the period of rapid growth (Carver and Walker, 1995) . Age-related changes in N balance showed a higher ratio of N retained to N absorbed for the first 6 wk after weaning (Exp. 3), and the ratio of N retained per kilogram of BW was transiently higher at wk 6 of weaning, suggesting a rapid and compensatory growth.
Relationship Between Estimated Duodenal Flow of
Microbial Nitrogen and Nitrogen Utilization. Quigley et al. (1991) observed that plasma concentrations of total VFA were lower for the first 3 wk after weaning, and thereafter increased rapidly in calves weaned at 4 wk of age. Vazquez-Anon et al. (1993) also revealed increased rates of in situ protein disappearance of soybean meal and corn gluten feed with days after weaning in calves weaned at 5 wk of age. Furthermore, Quigley et al. (1985) revealed that the ratio of MN to total N in abomasal contents at wk 6 after weaning exhibited a 2.2 times higher value than that at wk 2 after weaning in calves weaned early. In accordance with these qualitative changes in ruminal function with age in calves weaned at 4 or 5 wk of age, our finding that estimated duodenal flow of MN rapidly increased for the first 6 wk after weaning provides quantitative information on development of the rumen after early weaning.
The N absorbed increased 233 mg/(kg BW·d) from wk 1 to 6 after weaning and could be explained by the increases in estimated duodenal MN. The increase in estimated duodenal flow of MN from wk 1 to 6 was 341 mg/(kg BW·d). If the average percentage of N absorbed to N intake up to wk 6 is roughly estimated to be 66.5% (i.e., 63.4% at wk 1 and 69.5% at wk 6), the increase in MN absorbed during that period was 227 mg/[kg BW·d]), which was comparable with the increase in N absorbed (233 mg/[kg BW·d]). These findings suggest that the remarkable increase in N absorbed for the first 6 wk after weaning was mainly derived from stimulated synthesis of MN, which was consistent with the suggestion by Ørskov (1992) that microbial protein supply to the calves is the limiting step for desirable growth during the initial stage of growth. However, because the increase in DOM intake from wk 1 to 6 after weaning naturally increased the feed N that escaped ruminal degradation, this result might not be quantitatively correct. The reason(s) for quantitatively incorrect results remains to be clarified, but they may be due to incomplete degradation of feed purines in the rumen of weanling calves or to variation of the ratio of urinary excretion as PD to duodenal purines, or both. Alternatively, when duodenal flow of MN is estimated from urinary PD, the decreased correlation might be inevitable (Perez et al., 1996) . Nevertheless, our results suggest that urinary PD can predict relative changes in duodenal flow of MN. Considering the possibility of inaccuracy in predicting absolute amounts of MN flowing to the duodenum even in cannulated animals (Broderick and Merchen, 1992) , the estimation from urinary PD would be very useful as a noninvasive qualitative tool.
Changes in N balance with age after weaning at 5 wk of age were essentially consistent with our previous results in calves weaned at 5 or 6 wk of age . The remarkable increase in N absorbed for the first 6 wk after weaning in concert with the higher assimilation of N absorbed led to a transient increase in N retention, which is a characteristic change in calves weaned early . Our previous study also revealed that the lower N retention immediately after early weaning and the subsequent compensatory N retention was related to the changes in calcium retention and plasma concentrations of intact osteocalcin, an index of bone formation (Funaba et al., 1996) . Considering that bone consists of organic matrix such as collagen and noncollagenous protein and inorganic materials, the improvement of N status at wk 6 after weaning was suggested to reflect, at least in part, the changes in bone growth (Funaba et al., 1996) .
As shown in Table 4 , estimated duodenal flow of MN gradually decreased after wk 6, and the value at wk 19 was similar to that at wk 1, although the estimated total daily duodenal flow of MN continued to increase with age. This result would be due to the growth of the organs other that the rumen. The weight ratio of the ruminoreticulum to BW increased up to 17 wk of age, and the relative weight to total stomach rapidly increased for the first 8 wk after birth and reached a plateau in calves given free access to pasture (Lyford, 1988) . However, the rumen weight ratio to total BW in adult cattle was lower than that of 8-wk-old calves, although the relative stomach weight was not different, suggesting the predominant growth of the organs other than the stomach.
Implications
Duodenal flow of microbial nitrogen could be estimated from urinary purine derivatives of calves using endogenous purine derivatives and the urinary recovery of duodenal purines. Therefore, urinary purine derivatives would be a potential tool for predicting relative changes in microbial nitrogen flow due to nutritional regimen or physiological development. Nitrogen absorbed increased rapidly during the initial period after weaning at five wk of age and was due to increases in duodenal microbial nitrogen and dietary nitrogen that escaped ruminal degradation. Consequently, rapid ruminal development can improve nitrogen nutrition by 6 wk after weaning.
